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(57) Abstract 

Process for deforming a 
piece of thin-walled metal tube, 
comprising the operations of 
bending the piece of tube with 
respect to its original axis, in 
which process the wall of the 
piece of tube is firstly provided, 
at least at the location where 
the bend is intended to be, with 
a deformation which extends 
substantially in the longitudinal 
direction of the piece of tube, 
and in which process wall 
material is moved closer to the 
neutral plane of bending, and 
the piece of tube is then bent, 
after which the ultimate shape - ^ 

of the piece of tube which is ^ 
to be deformed is imposed by 
hydroforming. 
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PROCESS FOR DEFORMING A PIECE OF THIN-WALLED METAL TUBE 



The invention relates. to a process for 
deforming a piece of thin-walled metal tube^ comprising 
5 the steps of bending the piece of tube with respect to 
its original longitudinal axis and then hydroforming 
the piece of tube at least at the location where it has 
.been bent in this way. 

A known method for deforming pieces of tube 

10 comprises what is known as hydroforming. In this 
process, the wall of the piece of tube is pressed 
against a mould piece under the influence of water 
pressure, so that the piece of tube acquires its 
ultimate shape. The hydroforming technique is generally 

15 known and therefore does not require any further 
explanation here. If the piece of tube is also to^ be 
bent, a bending operation is carried, put prior to and 
separately from . the hydroforming step, in which case 
the bent piece of tube then acquires its ultimate, 

20 desired shape through hydroforming. ' In this way, 
numerous very complicated shapes can be produced, which 
are used in engineering, for example in the automotive 
industry. 

It has been found that, in this processing 
25 method, the bending of the piece of tube forms a 
critical step. Particularly if a small wall thickness 
is used for the piece of tube, cracks are rapidly 
formed along the outside of the bend during the bending 
operation, while wrinkles are formed in the compressed 
30 region along the inside of the bend. These wrinkles in 
this case occur in the circumferential direction of the 
piece of tube, i.e.. they run in a direction which is 
transverse with respect to the longitudinal axis of the 
piece of tube. If the bent piece of tube is then 
35 subjected to a hydroforming operation, it is found that 
wrinkles of this nature • running in the circumferential 
direction can no longer be removed. The result is an 
unacceptable product. 



wo 00/48762 - 2 - PCT/NLOO/00099 

Therefore^ the object of the invention is to 
provide a method in which the production of bent, thin- 
walled pieces of tube and of products formed using such 
pieces of tube causes fewer problems. In particular, it 
5 is intended to reduce the risk of cracking and to avoid 
the formation of wrinkles in. the circumferential 
direction. 

In the process described in the preamble, this 
is achieved if the piece of tube, before it is bent, is 

10 indented on both . the inside and the outside of the bend 
which is to be formed at. the location where it will 
exhibit a bend as a result of the bending operation. 

As a result of the indentation, which involves 
moving wall material closer to the neutral plane of 

15 bending stresses, the piece of tube can be bent more 
easily, with the result that the risk of cracking and 
the formation . of wrinkles in the circumferential 
direction is reduced . considerably . The ultimate shape 
of the piece of tube which is to . be deformed can then 

20 be imposed during the subsequent hydroforming 
operation, during which any deformations which may have 
been imposed in the longitudinal direction can be 
eliminated, or further deformations can be produced. It 
should be noted that, surprisingly, it has been found 

25 that wrinkles in the wall of the bent piece of tube 
which run in the longitudinal direction, i.e. more or 
less parallel to the axis of the piece of tube, are no 
longer visible after the hydroforming has taken place. 

The process can be used in order to impart a 

30 constant cross section to the deformed piece of tube 
along its length, in that the undeformed piece of tube 
is firstly provided with longitudinal wrinkles on 
either side of the neutral plane as a result of 
compression, and then, after the bending operation, the 

35 constant cross section is restored by the hydroforming 
step. It has been found that in this way pieces of 
thin-walled tube with a constant cross section and a 
relatively small radius of curvature can be produced 
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successfully. In the past, the production of piecies of 
tube of this nature caused considerable problems. 

In one embodiment of the process according to 
the invention, the piece of tube, after the indenting 
5 step and before and/or after the bending step, is 
deformed in such a manner that at least part of the 
material which forms the. piece of tube, which part, as 
seen in cross section through the. piece of tube, is 
situated in a region between regions where the piece of 

10 tube is indented, is moved closer to • the centre of 
gravity of the cross section. This further reduces the 
risk of cracking and/or wrinkling. 

The invention will now be ' explained with 
reference to a number of figures. 

15 Figs. 1 a-d show the production of a bend piece 

of constant cross section from a straight piece of 
tube. 

Fig. 2 shows the production of a tubular 
product of complicated shape from a straight piece of 
20 tube. 

In Fig. 1, a, b, c and d illustrate various 
phases of the production of the bend piece 4 . In 
Fig. la, reference numeral 1 denotes a straight piece 
of tube which is to be formed - into the bend piece 4 

25 shown in Fig. Id. 

Fig. lb shows the piece of tube 1 with cross 
section 2 after the wall has been compressed from 
either side half-way along the piece of tube, with the 
result that wall wrinkles are formed in the 

30 longitudinal direction. The cross section of the piece 
of tube at the location of these longitudinal wrinkles 
is indicated by 3 . The arrows which are directed 
towards one another diagrammatically indicate . the 
indentation according to the invention. Arrows directed 

35 * towards one another at 3' indicate any further 
deformation of the piece of tube before or after 
bending. Fig. Ic shows how the piece of tube can easily 
be bent at the location of the thinned middle piece, 
partly as a result of the considerable reduction in the 
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section modulus of the cross section at that location. 
The risk of cracks or wrinkles in the circumferential 
direction occurring is considerably reduced as a 
result. The shape shown in Fig. Id can be obtained by 
5 subjecting the product shown in Fig. Ic to a 
hydrof orming operation . 

Fig. 2 illustrates the production ' of a 
workpiece with a more complicated shape. In Figs. 2al 
and a2, a front view, of and a cross section through a 

10 piece, of tube are illustrated. Figs. 2dl and d2 show a 
side view of and a cross section through the product 9 
formed therefrom. At location 1, longitudinal wrinkles 
are pressed into the piece of tube 5, with the result 
that a cross section of the shape of 8 is formed at 

15 that location (cf . Figs. 2bl and b2) . The shape shown 
in Figs. 2cl and c2 is obtained through bending of the 
piece of tube. 

From this,, the final shape 9 can be obtained by 
hydrof orming; numerous variations on this shape are 

20 conceivable. 
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1. Process for deforming a piece of thin-walled 
metal tube, comprising the steps of bending the piece 

5 of tube with respect to its original longitudinal axis 
and then hydroforming the piece of tube at least at the 
location where it has been bent in this way, in which 
process the piece of tube, before it is bent, is 
indented on both the inside and the outside of the bend 
10 which is to be formed at the location where it will 
exhibit a bend as a result of the bending operation. 

2. Process according to Claim 1, in which the 
indenting comprises the step of pressing in wrinkles 
which run substantially parallel to. the longitudinal 

.15 axis . 

3. Process according to Claim 1 or 2, in which the 
piece of tube, after .the indenting' step and before 
and/or after the bending step, is deformed in such a 
manner that at least part of the material which forms 

20 the piece of tube, which part, as seen in cross section* 
through the piece of tube, is situated in a region 
between regions where the piece of' tube is indented, is 
moved closer to the centre ■ of gravity of the cross 
section. 
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